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@ Thennocouples. 

(57) A thermocouple for use in a gas turbine 
engine comprises an elongate cylindrical ther- 
mocouple element specifically a mineral-insu- 
lated thenmooouple element, disposed coaxially 
inside an elongate cylindrical protective sheath. 
The sheath defines an annular gap around the 
themiocouple element, and the element is sup- 
ported within the sheath by at least one tubular 
support disposed in the annular gap. The sup- 
port is a tight sliding fit within the sheath, and 
its internal diameter is greater tiian the external 
diameter of the themiocouple element To sup- 
port the element, the support has two spaced 
apart regions which are swaged to reduce their 
internal diameter to be a tight sliding fit around 
the element The sheath, support and element 
are brazed together at the ends of them remote 
firom the sensing tip of the themfiocouple ele- 
ment 
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This invention relates to thermocouples, and is 
more particularly but not exclusively concerned with 
thermocouples suitable for use in gas turbine en- 
gines. 

Thermocouples for use in gas turbine engines 
typically have to withstand high temperatures and 
high levels of vibration. At the same time, there is fre- 
quently a requirementfor a long reach thermocouple, 
ie one which projects a long way into the gas glow 
duct whose temperature is to be sensed, as well as a 
requirement for a fast response. Thus when designing 
an appropriate support for the thermocouple ele- 
ment, all these factors have to be taken into account. 

In gas turbine engine thermocouples, it is con- 
ventional to mount the thermocouple element within 
an outer protective sheath, to provide both strength 
and support, it is of course then necessary to provide 
some support between the thermocouple element 
and the protective sheath. With such an arrange- 
ment, the problems of vibration damping and of differ- 
ential thermal expansion between the protective 
sheath and the thermocouple element, as well as the 
problem of ensuring coaxial alignment of the element 
within the sheath, all need to besoh/ed, without com- 
promising the desired fast response. 

One well known form of thermocouple which sol- 
ves these problems rather well is described in United 
Kingdom Patent No. 1 452 681, and has been manu- 
factured in quantity by the present Applicant for a 
number of years. However, it Is an object of the pres- 
ent invention to provide a thermocouple which solves 
the aforementioned problems at least as well as the 
known thermocouple, but which is simpler and less 
expensive to manufacture. 

According to the present invention, there is pro- 
vided a thermocouple comprising an elongate cylin- 
drical thermocouple element having a sensing tip, the 
element being disposed coaxially within an elongate 
cylindrical protective sheath which defines an annu- 
lar gap around the element, wherein the element is 
supported within the sheath by a tubular support 
member which is a tight sliding fit within the sheath 
and whose internal diameter is greater than the ex- 
ternal diameter of the element, the support member 
having at least two axially spaced reduced-diameter 
portions which are a tight sliding fit around the ele- 
ment, and the element, the support member and the 
sheath being secured together at the respective ends 
thereof remote from the sensing tip of the element. 

Thus because the thermocouple element, the 
support tube and the protective sheath are secured 
together only at the end of the thermocouple remote 
from the sensing tip of the element, differential ther- 
mal expansion of these three components lengthwise 
of the thermocouple is accommodated by relative 
sliding of the components. Additionally, the support 
tube is relatively easy to make, and its use not only 
ensures coaxial alignment between the thermocou- 



ple element and the protective sheath, but also reduc- 
es the number of components in the thermocouple 
and simplifies assembly. 

In a preferred embodiment of the invention, one 

5 of said reduced-diameter portions of the support 
mernber is at the end thereof closer to the sensing tip 
of the element, and is adjacent the sensing tip. In this 
case, said one reduced-diameter portion is preferably 
connected totheremainderofthe support member by 

10 a short tapering portion, whose diameter increases 
progressively up to the full diameter of the support 
member and which provides a degree of flexibility in 
the support of the sensing tip, and there are prefer- 
ably at least two further reduced-diameter portions 

IS along the length of the support member. 

Conveniently, the respective ends of the ele- 
ment, the support member and the sheath remote 
from the sensing tip are secured together, and advan- 
tageously also to a main body member disposed at 

20 said ends, by brazing or welding. . 

The thermocouple element is preferably a miner- 
al-insulated thermocouple element, and the support 
member and the sheath are preferably made from a 
high temperature alloy selected firom nimomic and 

25 hastelloy. 

Typically, the sheath is provided with one or more 
apertures at the end thereof adjacent the sensing tip, 
to permit gas whose temperature is to be sensed to 
flow over the sensing tip. 

30 The reduced-diameter portions of the support 
member are preferably produced by swaging the sup- 
port member onto a mandrel of the same diameter as 
the thermocouple element. 

The invention will now be described, by way of ex- 

35 ample only, with reference to the accompanying 
drawing, which is a sectional view of a gas turbine en- 
gine thermocouple in accordance with the present in- 
vention. 

The thermocouple shown in the drawing is Indh 

40 cated generally at 10, and comprises a thin elongate 
mineral-insulated thermocouple element 12 having a 
sensing tip 14. As is well known, the element 12 com- 
prises a cylindrical outer sheath, typically of Inconel 
600, containing at least one pair of thermocouple 

45 wires, typically K type, N type or R type, which are 
joined together to form a thermocouple junction at 
the sensing tip 14, but which are otherwise insulated 
firom each other and from the outer sheath by mag- 
nesium oxide powder. The outer diameter of the ele- 

50 ment 12 is typically 4.5mm, although smaller diame- 
ters are possible and/or the sensing tip 14 can be 
swaged down to about 2.0mm if desired to enhance 
speed of response. 

The thermocouple element 12 is disposed co- 

55 axially within a cylindrical protective sheath 16, typi- 
cally made of Nimonic 80, Hastelloy X or other suit- 
able high temperature resistant alloy, which defines 
an annular space around the element. The element 
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ferent materials having slightly different thermal ex- 
pansion coefficients could be used for these three 
components, each material being selected to have 
optimum properties for its precise role. 

5 it will be appreciated that various modifications 
can be made to the described embodiment of the In- 
vention. In particular, the various dimensions and ma- 
terials mentioned in relation to the described embodi- 
ment are exemplary only. In the limit, the invention 

10 also includes the possibility that the support tube 20 
can simply be omitted altogether, and the protective 
sheath 16 itself can be swaged instead, eg at posi- 
tions corresponding to the reduced-diameter por- 
tions 22, 24, 28 of the tube 20, to form reduced-dianv 

15 eter portions which serve the same supporting func- 
tion as the portions 22, 24, 26 (albeit without the lim- 
ited flexibility of support provided for the sensing tip 
14 by the tapering portion 28 of the tube 20). 

20 

Claims 

1 . A thernK)couple comprising an elongate cylindri- 
cal thermocouple element having a sensing tip, 

25 the element being disposed coaxlally within an 
elongate cylindrical protective sheath which de- 
fines an annular gap around the element, where- 
in the element is supported within the sheath by 
a tubular support member which is a tight sliding 

30 fit within the sheath and whose Internal diameter 
is greater than the external diameter of the ele- 
ment, the support member having at least two ax- 
ially spaced reduced-diameter portions which are 
a tight sliding fit around the element, and the ele- 

35 ment, the support member and the sheath being 
secured together at the respective ends thereof 
remote from the sensing tip of the element 

2. A thermocouple as claimed in dalm 1, wherein 
40 one of said reduced-diameter portions of the sup- 
port member is at the end thereof closer to the 
sensing tip of the element, and is adjacent the 
sensing tip. 

45 3. A thermocouple as claimed In daim 2, wherein 
said one reduced-diameter portion is connected 
to the remainder of the support member by a 
short tapering portion, whose diameter increases 
progressively up to the full diameter of the sup- 

50 port member and which provides a degree of flex- 
ibility in the support of the sensing tip. 



12 is supported within the sheath 16, and held in co- 
axial alignment with it, by means of a thin-walled sup- 
port tube 20, which is a tight sliding fit within the 
sheath 16and madeof the same high temperature re- 
sistant material. The internal diameter of the support 
tube 20 is greater than the diameter of the thermo- 
couple element 12, but the tube has three spaced 
apart reduced-diameter portions 22, 24, 26 within 
which the element is a tight sliding fit The portions 
22, 24, 26 are produced by swaging the tube 20 onto 
a mandrel of precisely the same diameter as the ele- 
ment 12. . 

As can be seen in the drawing, the reduced-di- 
ameter portion 22 is at the end of the tube 20 closer 
to the sensing tip 14 of the element 12, and Is In feet 
closely adjacent the sensing tip (although if the sens- 
ing tip is swaged down to a reduced diameter as men- 
tioned earlier, the portion 22 preferably does not enrv 
brace the swaged-down part of the tip). The reduced- 
diameter portion 22 is connected to the remainder of 
the tube 20 by a short tapering portion 28, also pro- 
duced by swaging, whose diameter increases gradu- 
ally or progressively up to the full diameter of the tube 
(as opposed to the abrupt, almost step-liice, changes 
between the reduced-diameter portions 24, 26 and 
the remainder of the tube). This provides a degree of 
flexibility in the support for the sensing tip 14 of the 
element 12. 

The end of the tube 20 further from the sensing 
tip 14 of the element 12 Is brazed to the outer sheath 
of the element and to the corresponding end of the 
protective sheath 16, and both these ends are also 
brazed In a circular recess 30 in a main body member 
32. The body member 32 is secured in turn in a casing 
34 surrounding the gas turbine engine duct in which 
the temperature Is to be sensed by the thermocouple 
1 0. The element 12 passes through the body member 
32 and the casing 34 to a suitable terminal block (not 
shown) disposed outside the casing. 

The end of the protect ive sheath 1 6 adjacent the 
sensing tip 14 of the element 12 is provided with off- 
set apertures 38, 38 which permit the gas flowing in 
the aforementioned duct to flow over the sensing tip. 
The extreme end of the sheath, to be left of the sens- 
ing tip 14 as viewed in the drawing, is typically closed 
by a welded-on end cap (not shown). 

The thermocouple 10 has only two principal com- 
ponents in addition to the thernfK)couple element 12 
and the main body member 32, viz. the protective 
sheath 16 and the support tube 20. These compo- 
nents are relatively easy and inexpenshre to make 
and assemble, thus reducing the manufacturing cost 
of the thermocouple 10. Additionally, because the 
element 12, the sheath 16 and the tube 20 are se- 
cured together only at the body member 32, differen- 
tial thermal expansion of these three components in 
a longitudinal sense is accommodated by the relative 
sliding permitted between them. Thus if desired, dif- 



4. A thermocouple as claimed in daim 2 or claim 3, 
wherein there are at least two further reduced-di- 

55 ameter portions along the length of the support 
member. 

5. A thermocouple as daimed in any preceding 
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daim, wherein the respective ends of the ele- 
ment, the support member and the sheath re- 
mote from the sensing tip are secured together 
by brazing or welding. 

5 

6. A thermocouple as claimed in any preceding 
daim, further comprising a main body member, 
the respective ends of the element, the support 
member and the sheath remote from the sensing 

tip being secured to each other and to the body io 
member by brazing or welding. 

7. A thermocouple as claimed in any preceding 
daim, wherein the thermocouple element is a 
mineral-insulated thermocouple element is 

8. A thermocouple as claimed in any preceding 
daim, wherein the support member is made from 
a high temperature alloy selected from nimonic 

and hastelloy. 20 

9. A thermocouple as claimed in any preceding 
daim, wherein the sheath is made from a high 
temperature alloy selected firom nimonic and has- 
telloy. 25 

10. A thermocouple as claimed in any preceding 
daim, wherein the sheath is provided with one or 
more apertures at the end thereof adjacent the 
sensing tip, to permit gas whose temperature is 30 
to be sensed to flow over the sensing tip. 

11. A thermocouple as claimed in any preceding 
daim, wherein the reduced-diameter portions of 

the support member are produced by swaging 35 
the support member onto a mandrel of the same 
diameter as the thermocouple element 
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